P atterning and growth of organs are regulated by morphogen gradients. In a recent work, Wartlick et al. (1) analyzed the formation of the anterior-posterior (A-P) Decapentaplegic (Dpp) gradient during Drosophila wing disc development. The authors found that the amplitude and the decay length of the morphogen gradient increase during development and that the gradient scales with tissue size. Because cell proliferation is spatially uniform, and the relative position of a cell within the disc does not change, their finding implies that all cells sense the same relative increase of Dpp levels during wing disc growth. This relative increase of Dpp signaling levels was found to be about 50% during each cell cycle. Wartlick et al. thus proposed a model in which the temporal increase of Dpp signaling controls growth: The cell cycle length is determined by how fast a 50% increase of cellular Dpp signal is reached. Their model therefore enables them to explain how positionindependent growth rates can be achieved by the Dpp morphogen gradient. However, it is difficult to reconcile this model with previously published data. Several independent studies had demonstrated that Dpp plays a permissive role in growth regulation, allowing proliferation by suppressing the expression of the growth repressor Brk (2-4). Moreover, it has been demonstrated that wing discs mutant for hypomorphic dpp and brk alleles overgrow (5, 6) , and recently Hamaratoglu et al. showed that the Dpp signaling gradient does not scale to the same extent throughout the wing disc (7) . Here, we reassessed the growth model by generating clones in which the Dpp signaling pathway was fully abrogated. Our results demonstrate that Dpp signaling levels in such clones did not increase, yet growth was normal. These findings therefore clearly imply that an increase in Dpp signaling is not required to drive cell proliferation.
In Drosophila, Dpp signaling is mediated by the sole Smad protein Mad (8) . Upon phosphorylation via the typeI-typeII Dpp receptor complex, Mad binds to Medea and translocates to the nucleus to regulate target gene expression (8, 9) . Whereas some target genes are activated by Dpp signaling, others are repressed (3). One such repressed target is brk, which encodes a transcriptional repressor that is a key mediator for Dppdependent patterning and growth (2, 4, 5 401-b the target brk. We used the Mad 12 allele (10)-which comprises a premature stop codon upstream of the Dpp receptor phosphorylation site and therefore represents a situation in which Dpp responsiveness is completely abrogated (11)-and the amorphic brk M68 allele (2). We first tested whether Dpp signaling levels in Mad 12 brk M68 mutant cells are indeed constant during development and compared the dynamics of Dpp signaling levels in mutant versus wild-type wing disc cells. We focused our analysis on the medial area (defined as the area within the decay length of dad from the Dpp source), where Dpp signaling levels are high and the increase can be measured accurately (1) . Moreover, in the medial area brk is normally repressed by high Dpp signaling levels so that medial Mad 12 brk M68 clones differ from the wild type only in their lack of Mad. As a transcriptional read-out for Dpp signaling activity, we used a dad-nGFP reporter (12) , which contains the same dad enhancer that Wartlick et al. used. We first analyzed dad-nGFP levels in wild-type discs. The increasing levels during development correlate with wing disc size (Fig. 1A-C) and thus support the hypothesis of a dynamic Dpp gradient (1). However, when monitoring dad-GFP in Mad   12   brk M68 mutant clones, reporter expression remained constant at low levels throughout development (Fig. 1A-C (Fig. 1, D to F) , as assessed at the population level (Fig. 1F) and when the ratios of mutant and corresponding wild-type twin spots were compared directly (Fig. 1E) . Thus, our experiments reveal that increasing Dpp signaling levels are not necessary for driving cell proliferation. Rather, the results are in agreement with previously suggested models, in which Dpp signaling plays a permissive role in allowing proliferation by repressing the expression of the growth inhibitor Brk (6, 13, 14) . In these models, position-independent growth rates are explained by the integration of complementary signals from additional growth modulators (14) .
Taken together, our results confirm the observation that Dpp signaling levels increase during wild-type wing disc development but contradict the model in which this increase is the cause for cell proliferation. It will be interesting to find out why the Dpp signaling activity adopts to the disc size with increasing amplitudes.
